
FIG. 1 



BEST AVAILABLE COPY 

1/79 




2/79 




FIG. 4 

4/79 



YP, 



STRESS 



YP, 



STRAIN 



FIG. 5 



YIELD 
STRENGTH 



(D^YS^) -AFTER 
RADIAL EXPANSION 
AND 

PLASTIC DEFORMATION 



RADIAL EXPANSION 
AND 

PLASTIC DEFORMATION 



(Dpg, YSpg) - PRIOR TO 
RADIAL EXPANSION 
AND 

PLASTIC DEFORMATION 



DUCTILITY 



FIG. 6 



5/79 




FIG. 7 

6/79 




FIG. 8 



7/79 



102 

112 
106 




FIG. 9 



8/79 



I 




FIG. 10 



9/79 




10/79 



STRAIN 



FIG. 12 



YIELD 
STRENGTH 



(D^YS^)- AFTER 
RADIAL EXPANSION 
AND 

PLASTIC DEFORMATION 



RADIAL EXPANSION 
AND 

PLASTIC DEFORMATION 



(D pE , YSpg) - PRIOR TO 
RADIAL EXPANSION 
AND 

PLASTIC DEFORMATION 



DUCTILITY 



FIG. 13 



11/79 




12/79 




13/79 




FIG. 16 



14/79 



203. 




FIG. 17 



15/79 



300 

\ 




i 

INITIAL THERMO- 
MECHANICAL 
PROCESSING 
302 



f INTERMEDIATE STATE OF \ 
I TUBULAR MEMBER J 



FINAL THERMO- 
MECHANICAL 
PROCESSING 
304 



AR \ 



FINAL STATE OF TUBULAR 
MEMBER 



1 

Fig. 18 



16/79 



( D ae> YS ae) - after final 

THERM O-MECHANICAL 
PROCESSING 



FINAL 

THERM O-MECHANICAL 
PROCESSING 



YIELD 
STRENGTH 



(D PE , YS PE ) - PRIOR TO 
FINAL THERMO-MECHANICAL 
PROCESSING 



DUCTILITY 



FIG. 19 



17/79 




STRAIN 



FIG. 20 



18/79 




FIG. 21 



19/79 



2232 2228 2230 




FIG. 22 



20/79 



2332 2328 2330 




FIG. 23 



21/79 



2428 




FIG. 24 



22/79 



2530 




2510 



FIG. 25 



23/79 



2632 2628 2630 




2610 



FIG. 26 



24/79 



2732 2728 2730 




2710 



FIG. 27 

25/79 



2732 2728 2730 




2710 



FIG. 28 



26/79 




FIG. 29 



27/79 



3012a 3016 3014 



3012b 



3010 



3024 




3018a 



FIG. 30a 



3020 3022 3018b 



3026 



3032a 3036 3034 



3032b 



3030 



3044 




3038a 3042 3040 



FIG. 30b 



3038b 



3046 



3052a 3058 3054 3056 3052b 



3050 



3068 




3060a 3064 3062 



FIG. 30c 



3066 3060b 



3070 



28/79 



3132 3124 




3110 



FIG. 31 



29/79 



1 




FIG. 32a 



30/79 




FIG. 32b 



31/79 




FIG. 33 



32/79 



t 




33/79 



3410 



3414 



Fig. 34b 

34/79 




Fig. 34c 



35/79 



3502 3504 




3500 



FIG. 35a 



36/79 



3502 



3504 



YIELD 
POINT 




RADIAL POSITION 



FIG. 35b 



37/79 



4 

i 

I 



i 



3600 




PROVIDE EXPANDABLE 
TUBULAR MEMBER 

mz 



1 

HEAT TREAT EXPANDABLE 
TUBULAR MEMBER 
3604 



1 

QUENCH EXPANDABLE 
TUBULAR MEMBER 
3606 



FIG. 36a 



38/79 



I 



3602a 




MARTENS ITE 



PEARUTE 



V, Ni, Ti 
CARBIDES 



Fig. 36b 



39/79 



) 



3602a 



\ 




Fig. 36c 

i 



40/79 



PROVIDE EXPANDABLE 
TUBULAR MEMBER 
3ZQ2 



HEAT TREAT EXPANDABLE 
TUBULAR MEMBER 

32M 



QUENCH EXPANDABLE 
TUBULAR MEMBER 
3706 



41/79 



i 




* 

Fig. 37b 

* 

42H9 



3702a 




FERRTTE 



TENSITE 



BAINITE 



Fig. 37c 



43/79 



3800 




PROVIDE EXPANDABLE 
TUBULAR MEMBER 
3802 



HEAT TREAT EXPANDABLE 
TUBULAR MEMBER 
3804 



QUENCH EXPANDABLE 
TUBULAR MEMBER 
3806 



FIG. 38a 



1 



3802a 




GRAIN PEARUTE 



WIDMANSTATTEN 
MARTENSITE 



V, Ni, and Ti CARBIDES 



Fig. 38b 



45/79 




. 38c 



46/79 



3900 



4000 



3902 



PROVIDE TUBULAR MEMBER 



3904 



3906^" 



HEAT TREATMENT 

1 



PROVIDE TUBULAR MEMBER* 002 



QUENCHING PROCESS 



3908 



I 



COLD WORKING 



LUBRICATE 



4004 



EXPAND TUBULAR Ml 



EMt ^006 



Fig. 40 



Fig. 39 



4102 



4104 



4106 



4100 
/ 

STRESS-STRAIN PROPERTIES 

• Optimum combination of the strength and elongation 
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410 o_^ STRAIN-HARDENING EXPONENT (N-VALUE) 

• Material with higher strain-hardening exponent can avoid 
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41 1 PLASTIC STRAIN RATIO (R OR LANKFORD-VALUE) 

• The ratio of the strains occurring in the width and thickness 
directions. In case greater than 1 .0 will be more resistant to 
thinning and better suited to tubular expansion 
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